JJNK PROCESSING EQ T7TPMENT 



BACKGROUND OF THE INVENTION 
1» Field of the Invention 

5 The present invention relates to a line processing equi^iaeiit and, 

particularly, to a processing of a number of lines in a large-scale switching node 
provided in a mutual connectioii point between a plurality of networks. 
2. Description of Related Art 

It is conventional that a laige-scale switching node for accommodatiag a 

10 number of lines in a mutual connecting point of a plurality of regional networks 
and/or long distance backbone networks is configured with a plurality of line 
processing equipments each provided for every one of different processing 
fonctions for lines and a plurality of line connection reconfiguration 
equipments for setting up or reconfiguring connections between the line 

16 processing equipments and connections between the line processing 
equipments and input/output lines. 

As an example of such line processing equipment, Fig. 14 shows a 
configuration with using a line termination equipment and a plurality of line 
switdi equipments. In Fig. 14, a connection between an input line and an input 

20 terminal of line termination equipment 82 and a conjiection between an output 
of line termination equipment 82 and an input terminal of line switch 
equipment 84 are set up or reconfigured by two line connection reconfiguration 
equipments 81 and 83. This configuration is disclosed in JP S58-84552 A. 

On the other hand. Fig. 15 shows a line connection reconfiguration 

25 equipment, which utilizes an automated MDF (Main Distributing Frame) 
technology. In this configuration, connectors connected to ends of line cables 
derived through bobbin 91 to roll up an excessive line cable and line cable 
aligning board 92 are connected to connector plug array board 94 by a 
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connection xeeonfiguration robot 93. With this configuration, an arbitrary 
connection reconfiguration between tlie input Hne and the output line is 
realized. This technology is disclosed in JP 2709782 B2. 

Further, Fig. 16 shows a redundant configuration of a line coimectioii 
6 reconfiguration equipment of a line processing equipment, for improving 
reliability of switching between a working system and a backup system by line 
connection reconfiguration equipments of tbese systems. In Fig. 16> when a 
failure occurs in worldng line connection reconfiguration equipment 105, the 
connection is switched over to backup line connection reconfiguration 

10 equipment 106 by protection switdies 101 to 104 and 107 to llO. This 
technology is disclosed in JP H08- 125717 A. 

However, in the described conventional system disclosed in JP S5S-84152 
A, which include a plurality of line processing equipments connected in series 
in the order of processing and a plurality of line connection reconfiguration 

15 equipments provided between the line processing equipments and between the 
line processing equipments imd input/output lines, there is a problem that it is 
impossible to set up or reconfigure the arranging order of the line processing 
equipments and the number of line processing equipments every line. 

Similarly, since, in the conventianal system disclosed in JP 2709782 B2, a 

20 plurality of liae processing equipments are connected in series according to the 
sequence of line processing and a plurality of connectiou reconfiguration 
equipments are provided between the line processing equipments and between 
the line processing equipment and the input/output lines, there is a problem 
that the number of required equipments is large and one line processing 

25 equipment must be provided for a processing, which is necessary for only a 
portion of the line. 

Further, in tbe above mentioned redundant configuration disclosed in JP 
H08-125717 A, there is a problem that a plurality of protection switches 
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corresponding in number to the number of lines are required. 

SUMMABY OF THE INVENTION 
An object of the present invention is to provide a line processing 
equipment capable of easily setting up or reconfiguring the processing sequ^ce 
5 for line and the number of processing procedures every line. 

In order to achieve the above mentioned object, the line processing 
equipment according to the present invention is featured by comprising at least 
one line processing means for processing respective lines; and line connection 
reconfiguration means to set up and reconfigure connections £tom input lines 
10 coming into said line processing equipment to either said line processing means 
or output lines going out of said line processing equipment and connections 
from said line processing means to aLthei* other Kne pi^ocessing means 
necessary subsequently to said line processing means or said output lines. 

According to the present invention, it is possible to realize all of a 
15 connection of the input lines to the line processing means, a connection of an 
output of a certain one of the Une procesang means to another line processing 
means, a connection of an output of a line processing means to an output line 
and a through-connection of an input line to an output Kno with using a sin^e 
line connection reconfiguration means. 
20 The line connection reconfiguration means can indude a plurality of 

input terminals and a plurality of output terminals and sets up arbitrary 
connections between said input terminals and said output terminals and 
reconfigures said connections; and wherein said input lines and outputs of said 
line processing means are connected to said input terminals respectively and 
25 said output terminals are connected to inputs of said line processing means and 
said output lines respectively. 

The line conn^rfion reconfiguration means may have a redundant 
structure consisting of a plurahty of element line connection reconfiguration 
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means cascaded serially so that any one of said element line connection 
reconfiguration means can set up and reconfigure said connections. 

Said line connection reconfiguration means may include a connector plug 
array board having one surface onto \phich said input lines and outputs of said 
5 line processing means are connected through respective connectors and the 
uther surface onto which said output lines and inputs of said line processing 
means are connected through respective connectors and an automatic 
mechanism manipulating insertion and pulling of said connectors on at least 
one of said one and the other surfaces according to setup and reconfiguration of 
10 said connections. 

It is preferable that said automatic mechanism manipulates insertion 
and pulling of said connectors on both of said one and the other surfaces 
respectively. 

Said input lines and said output lines may be optical fiber lines which 
15 transmit packet multiplexed, time division multiplexed and/or wavelength 
division multiplexed optical signals. 

In such a case, at least one of said line processing means may be a packet 
switch for switching said packet multiplexed optical signals. At least two of said 
line processing means may be packet switches for switching said packet 
20 multiplexed optical signals and said line connection reconfiguration means may 
set up and reconfigure said connections fi-om said outputs of some of said 
packet switches to said inputs of others of said packet switches. 

Said line processing means may be a time division switch for switching 
said time divi^don multiplexed optical signals. 
25 Said Une processing means may be a wavelength demultiplexer for 

demultiplexing said wavelength division multiplexed optical signals into a 
plurahty of optical signals. Said wavelength demultiplexer may indude a 
waveband demultiplexer for demultiplexing said wavelength division 



5 



multiplexed optictd signals into a plurality of optical signals each of which 
indtides a waveband consisting of a plurality of wavelength. 

Said line processing means may be a wavelength multiplexer for 
multiplexing a pIuraKty of optical signals into a wavelength division 
5 multiplexed optical signal. Said wavelength multiplexer may include a 
waveband multiplexer for multiplexing optical signals each of which includes a 
waveband consisting of a plurality of wavelength into said wavelength division 
multiplexed optical signal. 

At least one of said line processing means may be a wavelength converter 
10 for said optical signals, a drcuit for monitoring optical signal Quality of said 
optical signals, a circuit for generating test patterns and inserting said test 
patterns into said optical signals, or a line switch for switching said optical 
signals. 

In the case of said line processing means is a line switch, said line 
15 connection reconfiguration means may set up and reconfigure said connections 
between said input optical fiber lines, inputs and outputs of said hne switch 
and said output optical fiber lines, and configure working lines and backup 
lines and said line switch may carry out protection switching from said working 
lines to said backup lines when a faUure occurs on said working lines. 
20 A plurality of said line processing equipments may be interconnected to 

form a network so that said Ene switch carries out protection switching fi^om 
working lines to said backup lines in a shared ring protection scheme, a 
redundant line protection scheme or a a shared backup hne protection scheme. 
BRIEF DESCRIPTION OF THE DRAWINGS 
25 Specific embodiments of the present invention will now be described, by 

way of example only, with reference to the accompanying of drawings in which: 
Fig. 1 is a block diagram showing a configuration of a line processing 
equipment according to a first embodiment of the present invention; 
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Fig. 2 is a block diagram showing a con&guration of a line procfessing 
equipment according to a second embodiment of the present invention; 

Fig. 3 is a block diagram showing a configuration of a line processing 
equipment according to a third embodiment of the present invention; 
5 Kg. 4 is a block diagram showing a configuration of a line processing 

equipment according to a fourth embodiment of the present invention; 

Pig. 5 is a block diagram showing an example of a network applied a 
shared ring protection scheme and an example of a route set-up for working 
lines; 

10 Fig. 6 shows an example of a route set-up for backup lines on the network 

shown in Fig, 5; 

Pig. 7 is a block diagram showing an example of a network appHed a 
redundant line protection scheme and an example of a route set-up for working 
lines; 

15 Fig. 8 shows an example of a route set-up for backup lines on ttie network 

shown in Fig. 7; 

Fig. 9 is a block diagram showing an example of a network applied a 
shared backup line protection scheme and an example of a route set-up for 
working lines; 

20 Fig. 10. shows an example of a route set-up for a backup line on the 

network shown in Fig. 9; 

Pig. 11 is a block diagram showing a configuration of a line processing 
equipment according to a fifth embodiment of the present invention; 

Pig. 12 is a block diagram showing a configuration of a line processing 
25 equipment according to a sixth embodiment of the present invention; 

Fig. 13 is a block diagram showing a configuration of a line processing 
equipment according to a seventh embodiment of the present invention; 

Pig. 14 is a block diagram showing a configuration of a conventional line 
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processmg eqmpment; 

Fig, 15 is a block diagram showing a configuration of a conventional line 
connection reconfiguration equipment; and 

Fig. 16 is a block diagram showing a configuration of a conventional 
5 redundant line connection reconfiguration equipment. 

DETAILED DBSCEIPIUON OF THE FREFERRED EMBODIMENTS 
In Fig. 1 showing a first embodiment of tilie present itivenlion, line 
processing equipment 1 can provide a forwarding function in the unit of an IP 
(Internet Protocol) packet multiplexed into one or more specific input lines from 
10 regional networks and/or long distance backbone networks. 

line processing equipment 1 comprises 4 by 4 IP routers 11 and 12 
having 4 input terminals and 4 output teiminals for forwarding IP packets as a 
line processing means and line connection reconfiguration device 13s. lane 
connection reconfiguration device 13 connects input lines fi:om the regional 
15 networks and/or the long distance backbone networks to the input terminals of 
IP routers H and 12 for processing the respective lines or to output lines to the 
regional networks and/or long distance backbone networks. And line connection 
reconfiguration device 13 also connects the output terminals of IP routers 11 
and 12 to another input terminals of IP routers 11 and 12, which perform a 
20 forwarding function successively, or to the output lines to the regional networks 
and/or long distance backbone networks. 

line connection reconfiguration device 13 is provided with a plurality of 
input terminals and a plurality of output terminals and can set up arbitrary 
connection between the input terminals and the output terminals and 
25 reconfigure connections between the input and output terminals arbitrarily. 
The input terminals of line connection reconfiguration device 13 are connected 
to the input lines fxom the regional networks and/or long distance backbone 
networks and the output terminals of the line processing means, respectively. 
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And the ou^ut teraunak thereof axe connected to the output lines to the 
regional networks and/or long distance backbone networks ^d to the output 
terminals of the line processing means, respectively. 

In the configuration shown in Fig. 1, the input lines from a regional 
5 network are connected to input terminals #9 and #10 of line connection 
reconfiguration device 13 and the input line from a long distance backbone 
network are connected to input terminals #11 and #16. Output terminals #9 
and #10 of line connection reconfiguration device 13 are connected to tlie output 
lines to the regional network and output terminals #11 and #16 thereof are 

10 connected to the output lines to the long distance backbone network. Each of IF 
routers 11 and 12 has 4 input terminals and 4 output terminals configuration. 
Output terminals #1 to #4 of line connection reconfiguration device 13 are 
connected to the input terminals of IP router 12 and output terminals #5 to #8 
are connected to the input terminals of IP router 11. The output terminals of IP 

15 router 12 are connected to input terminals #1 to #4 of line connection 
reconfiguration device 13 and the output terminals of IP router 11 are 
connected to input terminals #5 to #8 of line connection reconfiguration device 
13. 

An example of connections between the input terminals and the output 
20 terminals of line connection reconfiguration device 13 will be described. These 
connections are set up in case where signals on the input lines connected to 
input terminals #D to #14 of line connection reconfiguration device 13 are 
transferred in the unit of an IP padcet and signals on the input lines connected 
to input terminals #15 and #16 of line connection reconfiguration device 13 are 
25 transferred in the unit of a whole line. 

In order to configure an IP router having larger capacity by mutually 
connecting individual IP router.-? 11 and 12, input terminal #4 of line connection 
reconfiguration device 13 is connected to output terminal #8 thereof and input 



tezminal #8 is connected to output terminal #4. WiHi this connection setup, a 6 
by 6 IP router haviog output terminals #1 to #3 and #5 to *7 of line connection 
Teconfiguration device 13 as input terminals and having input terminals #1 to 
#3 and #5 to #7 thereof as output terminals is configured. In order to connect 
5 the input lines to the 6 by 6 IP router, input terminals #9 to #14 of line 
connection reconfiguration device 13 are connected to output terminals #1 to #3 
and #5 to #7 thereof, respectively. And in order to connect the output lines to 
the 6 by 6 IP router, input terminals #1 to #3 and #5 to #7 of line connection 
xeconfi^ation device 13 are connected to output terminals #9 to #14 thereof, 
10 respectively. 

line connection reconfiguration device 13 is set up to connect input 
terminals #15 and #16 to output terminals #15 and #16, respectively, so that 
i^gnals on the input lines connected to input terminals #15 and #16 are 
transferred in the unit of a whole line, instead of an IP packet. 

15 In the first embodiment configured as mentioned above, it is possible to 

set up line connection reconfiguration device 13 such that signals on one or 
mote specific input fines can be forwarded in the unit of an IP packet. By 
adding IP routers as line processing means, it is slso possible to set «p line 
connection reconfiguration device 13 such that signals on all of the input lines 

20 can be forwarded in the unit of an IP packet. 

By reconfi^ring line connection reconfiguration device 13 such that 
other input lines are connected to IP routers 11 and 12, which were provided for 
input lines for which IP packet forwarding becomes unnecessary, IP routers II 
and 12 can be used efficiently. 

25 Further, by adding IP routers and setting up connections therebetween, 

it is possible to expand a total IP packet forwarding capacity. 

Further, it is possible to set up optimal connection patterns between a 
plurality of IP routers to be fit for various uses. When a number of IP routers. 
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each of which has a number of input terminals and a number of output 
terminals, are installed as line processing means, it is possible to configure a 
large capacity IP router which has an internal connection pattern in a crossbar 
topology or in a hyper-cube topology between the line processing means. In such 
5 case, it is also possible to diange the number of input and/or output terminals 
and the terminals themselves, which realize the connection patterns between 
the line processing means. 

Although the IP router is described as the line processing means in this 
embodiment, a switch element for switching between lines or between lines, on 
10 which time division multiplexed or wavelength multiplexed agnals propagate, 
or an ATM (Asynchronous IVansfer Mode) switch may be used as line 
processing means. 

Fig. 2 is a block diagram showing a configuration of line processing 
equipment 2 according to a second embodiment of the present invention. line 

15 prwessing equipment 2 can provide, on demand, a fiinction of IP packet 
forwarding for one or more specific input lines fcom regional networks and/or 
long distance backbone and functions of demultiplexing, DCS (Digital Cross- 
connect System) and multiplexing for other one or more specific input lines on 
which SONET (Synchronous Optical Network) time division multiplexed 

20 firames are transferred. 

line processing equipment 2 includes, as line processing means, IP 
router 21 having 3 input terminals and 3 output terminals and SONET DCS 22 
having 3 input terminals and 3 output terminals. And line processing 
equipment 2 can provide a different function suitable for every input line by 

25 suitably setting up line connection reconfiguration device 23 similarly to the 
first embodiment. Since an internal connection between IP router 21 and 
SONET DCS 22 can be set up in this embodiment, it is possible to provide both 
IP forwarding and DCS functions to one or more specific input lines. 



11 



AlthoiigL IP router 2 1 for processing lines in a network layer and SONET 
DCS 22 for processing lines in a physical layer are shown as the line processing 
means in the second embodiment, it is also possible to provide a processing 
function in diflferent hierarchical layers by installing various line processing 
5 means such as an ATM switch or a irame relay switch for processing lines in a 
data link layer and so on. 

Kg. 3 is a block diagram showing a configuration of line processing 
equipment 3 according to a third embodiment of the present invention. Line 
processing equipment 3 can provide, on demand, multiplexing and 
10 demultiplexing functions in the unit of wavdength and/or in the unit of 
waveband for one or more specific input optical fiber lines fi:om regional 
networJts and/or long distance backbone networks on which wavelength 
division multiplexed signals are transferred. The waveband is a group of 
wavelengths. The number of wavelengths in a waveband is smaller than the 
15 number of wavelengths multiplexed into an optical fiber Une. 

Line processing equipment 3 includes, as line processing means, 
waveband multiplexer 31 for multiplexing a plurahty of wavebands into a 
signal on an optical fiber line, waveband demidtiplexer 32 for demultiplexing a 
signal on an optical fiber line into a plurality of wavebands, wavelength 
20 multiplexer 33 for multiplexing a plurality of wavelengths into a waveband and 
wavelength demultiplexer 34 for demultiplexing a waveband into a plurality of 
wavelengths, line processing equipment 3 further includes optical fiber line 
connection reconfiguration device 35 for reconfiguring connections among the 
input optical fiber lines, the output optical fiber lines and the Hne procesauig 
25 means for every wavelength. And hne processing equipment 3 performs the 
required wavelength multiplexing/demultiplexing and the required waveband 
mxdtiplexing/demultiplexing. 

An example of the setup of optical fiber line connection reconfiguration 
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device 35 will be descxibed -with xeference to Fig. 3. An input optical fiber line 
with wavfdength XI from a regional network and input optical fiber lines with 
wavelengths XI, X2, K3 and X4 from a longf distance backbone network are 
connected to the input terminals of optical fiber line connection reconfiguratiOin 
5 device 35. 

Wavelen^s hi, X2, X3 and X4 multiplexed on one of the two input optical 
fiber lines firom the long distance backbone network are demultiplexed to a fir$t 
waveband including wavelengths XI and X3 and a second waveband including 
wavelengthsX2 and X4 by waveband demultiplexer 32. Hie first waveband is 

10 further demultiplexed to wavelength XI and wavelength X3 by wavelength 
demultiplexer 34. Wavelength XI is connected to an output optical fiber line to 
the regional network. The demultiplexed wavelength X3, together with 
wavelength XI from the regional network, is multiplexed to the first waveband 
including wavelengthsXl and X3 by wavelength multiplexer 33, further 

15 multiplexed, together with the second waveband including wavelengths X2 and 
X4, by waveband multiplexer 31 into an output optical fiber line to the long 
distance backbone network. 

Since demultiplexing of the second waveband into wavelengths by 
waveband demultiplexer 32 is not lequired, only the function of 

20 multiplexing/demultiplexing in the unit of a waveband is provided for the 
second waveband. This is efiective in not only reducing the number of required 
line processing means but also preventing degradation of optical transmission 
quality due to repetitive multiplexing/demultiplexiiig. 

Inputs from the long distance backbone network through other input 

25 optical fiber lines are outputted to output optical fiber lines to the long distance 
backbone network as they are. 

In the third embodiment, the line processing means has the configuration 
with which the multiplexing/demultiplexiag function in the unit of a 
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wavelength or in the unit of a waveband is realized. However, by installing EP 
routers and/or SONET DCS mentioned in the second embodiment in the third 
embodiment, it is possible to provide a forwarding function in the tmit of an IP 
packet and/or a demultiplexing/multiplexing function in in the unit of a SONET 
5 frame for input optical fiber lines on which wavelength division multiplexed 
signals are trani^erred. 

Fig. 4 is a block diagram showing a configuration of line processing 
equipment 4 according to a fourth embodiment of the present invention. In Fig. 
4, line processing equipment 4 can provide a protection switching fimction 
10 which realizes switch-^over between working lines and backup lines arbitrarily 
set up for input lines from regional networks and/or long distance backbone 
networks. 

Line processing equipment 4 includes, as Hue processing means, 2 by 2 
line switch 41 and 4 by 4 line switch 42. line switch 42 provides a protection 

16 switching function to switch over from the working lines to the backup lines 
and an ADM (Add-Drop Multiplexer) function to add input lines from regional 
networks to long distance backbone networks and to drop output lines from the 
long distance backbone networks to the regional networks. line processing 
equipment 4 furtiker includes line connection reconfiguration device 43 for 

20 setting up arbitrary connections between input terminals and output terminals 
to configure the working lines and backup lines, line connection 
reconfiguration device 43 connects input lines and output lines from the 
regional networks to input lines and output lines from the long distance 
backbone networks by the ADM fimction. 

25 line switches 41 and 42 switches in the unit of a whole line without 

respect to multiplexed unit on the line such as packets or wavelengths. 
Generally, various devices called optical switches can provide such function for 
optical fiber lines. An automated MDF is also a kind of such optical switches 
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and can provide a similar function with that of the line switches. Line switches 
can be used not only for a protection switching (switch-over from a working line 
to a backup line) but also for otiier applications. 

In the forth embodiment, line switches 41 and 42 have a 2 input 
5 terminab and 2 output terminals configuration and a 4 input terminals and 4 
output terminals configuration respectively. However, the number of input tod 
output terminals can be selected adequatelji 

In a network configured by interconnecting a plurality of line pro<^ssing 
equipment, on which line switches are installed as line processing means as 
10 shown in Fig. 4, when a faaure occurs within a working line or hne processing 
equipment, the working line can be switched over to a backup line by operating 
line processing means. This procedure is called protection switching. For fast 
protection, fast line switches such as micro-electro-mechanical switch (MEMS), 
waveguide-type thermo-optic (TO) switch, or else can be used. For a line 
15 connection reconfiguration device, an automated MDF technology can be 
applied. Some protection schemes will be described below. 

Fig. 5 is a block diagram showing an example of a network to which a 
shared ring protection scheme is appKed and an example of a route set-up for 
working lines. This network is configured by four Kne processing equipment 
20 201 to 204 and includes a counterclockwise ring for working lines and a 
clockwise ring for backup lines. line processing equipment 201 to 204 include 3 
by 3 fast line switches 301 to 304 as line processing means and line connection 
configuration devices 401 to 404, respectively. 

In this example, line A is set up ftom line processing equipment 201 to 
25 line processing equipment 203 and line B is set up from line processing 
equipment 203 to hue processing equipment 204. Routes of working lines A and 
B are set up along the counterclockwise ring for working lines. Routes of 
backup lines A and B, which become by-pass routes on a failure occurring, are 
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set up along the dockwlse ring for backup lines rounding in the opposite 
direction against the working lines. line connection reconfiguration devices 
401 to 404 set up connections so that such routes can be configured. 

In Hne processing equipment 201, 203 and 204 at both ends of lines A and 
5 B, to which input and output lines A and B are connected, routes of working 
and backup lines A and B are set up through line switches 301, 303 and 304 to 
prepare switdi-over &om the workiug Hnes to the backup lines. That is, line 
connection reconfiguration devices 401, 403 and 404 are set up such that quick 
switch-over among the input terminals and the output terminals for £he 

10 counterdockwiae ring for working lines, the input terminals and the output 
terminals for the clockwise ring for backup lines, input lines A and B, and 
output lines A and B though line switches 301, 303 and 304 can be available. 
On line processing equipment 202, no connection to set up a route through line 
switch 302 is necessary. Line switch 302 itself is not required for lines A and B. 

15 Fig. 6 shows an example of a route set-up for backup Bnes on the network 

shown in Fig. S. When a failxure occurs on working line A between line 
processing equipment 202 and 203, working line A becomes imusable and line 
switches 301, 303 and 304 are quickly operated to switdi over from it to backup 
line A along the clockwise ring for backup lines. Lane connection 

20 reconfiguration devices 401 to 404 are employed only to set up the routes of the 
working and backup lines through the line switches and are not related to the 
above protection switching operation. 

Occurrence of a failure can be detected by extraordinary intensity or 
wavelength drift of optical signal on line processing equipment 203 to which 

25 output line A is connected. It can also be detected by other extraordinary 
phenomena such as parity errors of packets transmitted on the hne, 
synchronization failure of time division multiplexed timeslots orfirames or else. 
Failures can be detected at not only the Kne processing equipment to whidi an 
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output line is cbninected but aUo the line processing equipment neighboring to 
the point where the failure occuts. For detecting failures, it may be effective to 
provide, as further line processing means, an error monitoxinj^ circuit or a test 
pattern generationtosertion drcuit 
5 In the above examples sho-wn Fig. 5 and Fig. 6, only a ^gle 

counterclockwise tmi-directional ring for worktng lines, or only one pair of uni- 
directional rings for worldng and backup lines, respectively, is installed. It may 
be possible to add a pair of uni-dircctional rings for working and backup lines, 
which results in a bi-directional ring a>nfiguration consisting of four rings. As 

10 fast line switches for a bi-directional ring, combination of two 3 by 3 line 
switches can be used, but the fast line switches should not be limited to 3 by 3 
switches. line switches having larger scale such as 6 by 6 line switches can eJbo 
be used. If it is premised that input lines can not directly connected to output 
lines, it is not necessary that the fast liae switches are strictly non-blocking. 

15 Until a failure occurs, a backup line can be -ased as a line to transfer 

control signals or a working line to transfer signals having lower priorities. 
When a failure occurs, such a line should be forced to be torn down. Such a 
protection switching operation is applicable not only to n physical ring network 
but also a ring network which is configured by setting up connections between 

20 some line processing equipment selected from a plurality of line processing 
equipment of which an arbitrarily shaped mesh network consists. 

Fig. 7 is a block diagram showing an example of a network to which a 
redundant line protection scheme is applied and an example of a route set-up 
for working lines. This network is configured by three Une processing 

25 equipment 205 to 207 which include 3 by 3 fast hue switches 305 to 307 as line 
processing means and line connection configuration devices 405 to 407 
respectively. 

In this example, a bi-directional line A which includes a downstream line 
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A from line processing eqtaipment 205 to line processiiig equipment 207 and an 
upstream Jine B in the opposite direction is set up. The route of workiag lines A 
and B is set up from line processing equipment 205 to line processing 
equipment 207 directly. The route of backup lines A and B for bypassing a 
5 failure is reserved through line processing equipment 206. Each backup line is 
reserved for the respective working line. For setting up such routes, line 
connection reconfiguration devices 405 to 407 are set up connections so that 
such routes can be configured. 

In line processing equipment 205 and 207 at both ends of lines A and B, 

10 to which input and output lines A and B are connected, routes of the working 
and backup lines are set up through line switches 305 and 307 to prepare 
switch-over from the working lines to the backup lines. On line processing 
equipment 206, no connection to set-up a route through line switch 306 is 
necessary. Line switch 306 itself is not required for lines A and B. 

15 Fig. 8 shows an example of a route set-up for backup lines on the network 

shown in Fig. 7. When a failure occurs on working lines A and B between line 
processing equipment 205 and 207. working lines A and B become unusable and 
line switches 305 and 307 are quickly operated to switch over from it to backup 
lines A and B through line processing equipment 206. line connection 

20 reconfiguration devices 405 to 407 are employed only to set up the routes of the 
working and backup lines through the line switches and are not related to the 
above protection switching operation. 

Signals can be transmitted through both of the working and backup lines 
and one of these can be selected by the line processing equipment which is 

25 connected to the output line. Such a redundant configuration protection scheme 
is called "1+1 protection scheme". In such a scheme, the fast line switches of the 
line processing equipment connected to the input line have to include a 
multicast function for distributing signals into both of the working and backup 
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Imes. The fast line switdies can be substituted by 1 by 2 optical splitter 
circuits. 

Alternatively, until a failure occurs, a backup line can be used as a line to 
transfer control signals or a worldng line to transfer aipials having lower 
5 priorities. Such a redundant configuration protection scheme is called "1:1 
protection scheme". 

The fast line switches should not be hmited to 3 by 3 switches. 

In the example shown in Fig. 7 and Fig. 8, the downstream and upstream 
lines are switched over to the backup lines together. If a failure occurs on only 
10 one of the lines, it can be switched over to the backup line individually. Such a 
protection switching operation is applicable to a plurality of line processing 
equipment of which an arbitararily shaped mesh network consists. 

Fig. 9 is a block diagram showing an example of a network to which a 
shared backup line protection scheme is appHed and an example of a route set- 
15 up for working lines. In this scheme, backup Mnea, whose routes are 
predetermined for working lines, partially share common lines. The network is 
configured by four line processing equipment 208 to 211 which include 2 by 2 
fast line switches 308 to 311 as line processing means and line connection 
configuration devices 408 to 411 respectively. 
20 In this example, line A is set up from line processing equipment 208 to 

line processing equipment 211. The route of working Lne A is set up directly 
from line processing equipment 208 to line processing equipment 211 and the 
route of backup line A for bypassing a failure is predetermined through line 
processing equipment 209 and 210. line connection reconfiguration devices 408 
25 to 411 set up connections so that such routes can be configured. The backup line 
A between line processing equipment 209 and 210 is partially shared by 
another predetermined backup line B and is usable by one of the two backup 
lines at one time. Such sharing is efiective to reduce resources for back up lines. 
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In line processing equipment 208 and 211 at both ends of line A, routes of 
working and backup lines A are set up through line switches 308 and 311 to 
prepare switch-over from the working line to the backup line. In line processing 
equipment 209 and 210 at both ends of the line shared partially by backup lines 
5 A and B, a route of the backup line is set up through line switches 309 and 310 
to prepare switch-over to the backup lines A or B. 

Fig, 10 shows an example of a route set-up for a backup line on the 
network shown in Fig. 9. When a failure occurs on working line A between line 
processing equipment 208 and 211, working Hue A becomes unusable and line 
10 switches 308 and 311 are quickly operated to switch over from it to backup line 
A through line processing equipment 209 and 210. In this state, backup line B 
is not usable. line connection reconfiguration devices 408 to 41 1 are employed 
only to set up the routes of the working and backup lines through the line 
switches and are not related to the above protection switching operation. 
15 This shared backup Kne protection scheme is called "l:n protection 

scheme. The fast line switches should not be limited to 2 by 2 switches. line 
switches having larger scale, instead of 2 by 2 line switches, can also be used, so 
that more predetermined backup hnes can partially share one common line. 
Such a protection operation is applicable to a plurality of line processing 
20 equipment of which an arbitrarily shaped mesh network consists. 

Fig. 11 is a block diagram showing a configuration of a line processing 
equipment according to a fifth embodiment of the present invention. This line 
processing equipment can provide an error monitoring fimction and/or a 
wavelength conversion function to an input optical fiber line by applying an 
25 automated MDF technology to the line connection reconfiguration device. 

This line processing equipment includes, as line processing means, error 
monitoring circuits 51 and 53 and a wavelength converter 52. The line 
processing eqiupment further includes a bobbin 54 to roU up an excesave line 
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cable, optical fiber cable aligning board 55. connector plug array board 66 and 
optical fiber connection reconfiguration robot 5S. 

Error monitoriiig circuits 51 and 53 are optical signal cpiality monitoring 
cLrcuits for detecting extraordinary intensity or wavelength drift of optical 
5 signal in the f^tical fiber lines. Circuits which detect parity errors of packets 
transmitted on the optical fiber lines, synchronization failure of time division 
multiplexed timeslots or fi-ames or else can also be used for monitoring optical 
agnal quality. 

Input optical fiber lines and output terminals of error monitoring circuits 
10 51 and 53 and an output terminal of wavelength converter 52 are connected to 
one surface of connector plug array board 56 through connectors, respectively. 
And output optical fiber Unes and output terminals of error monitoring circuits 

51 and 53 and an output terminal of wavelength converter 52 are connected to 
the other surface of connector plug array board 56 through connectors, 

15 respectively. Optical fiber connection reconfiguration robot 5S inserts the 
connectors into and pulls them out of connector plug array board 56 
automatically according to a connection setup operation. 

In the shown example, Ihe connection setup on connector plug array 
board 56 is configured such that an optical signal having wavelength XI 

20 inputted firom an input optical fiber line passes through error monitoring 
drcnit 53 and goes into an optical signal outpntted to an output optical fiber 
line. It is also configured such that an optical signal having wavelength X2 
inputted fi^om an input optical fiber line passes through error monitoring 
circuit 51 and wavelength converter 52 and goes into an optical signal having 

26 wavelength M outputted to an output optical fiber hne. Wavelength converter 

52 caiTies out wavelength conversion irom>2 toM, It is also configured such 
that an optical signal having wavelength X3 inputted firom an input optical fiber 
fine is outputted to an output optical fiber line as it is. 
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In this embodiment, it 13 possible to reduce the size of the line processing 
equipment and to simplify a -wiling between devices by uniting error 
monitoring drcuits 51 and 53, wavelength converter 52 and optical fiber 
connection reconfiguration robot 58. 
5 >^g. 12 shows A configuration of a line processing equipment according to 

a sixth embodiment of the present invention. In iJiis embodiment, the 
reliability of tho line processing eq;nipment is improved by installing two optical 
fiber connection reconfiguration robots, to each of which the automated MDF 
technology is applied. 

10 That is, the isixth embodiment includes connector plug array board 61, 

which has one surface to which input optical fiber Knes are coimected through 
respective connectors and the other surface to which output f^tical fiber lines 
are connected through respective connectors, and optical fiber connection 
reconfiguration robots 62 and 63 for automatically inserting the connectors into 

15 and pulling them out of connector plug array board 61 according to a setup 
operation of connections between the input optical fiber lines and the output 
optical fiber lines. Optical fiber connection reconfiguration robots 62 and 63 are 
installed on both siufaces of connector plug array board 61. 

According to this configuration, in case where a failure occurs in one of 

20 optical fiber connection reconfiguration robots 62 and 63, the connection 
reconfiguration can be executed by the other optical fiber connection 
reconfiguration robot. Therefore, the reliability of the line processing 
equipment is improved compared with the case in which only one optical fiber 
connection reconfiguration robot is used. 

25 In case where a failure occurs in a portion of connector plug array board 

61, it is possible to move the connectors on both the input optical fiber line side 
and the ou^ut optical fiber line side to a different portion of connector plug 
array board 61, in which there is no faituTe, by operating both of optical fiber 
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connection reconfiguration robots 62 and 63. 

Instead of optical fiber connectioh reconfiguration robots, a plurality of 
element line connection reconfiiruratioii devices can be cascaded serially so that 
they form a sini^e line connection reconfiguration equipment. Any one of the 
6 element line comi«:tion reconfiguration devices can be operated for a 
connection set up and reconfiguration. Such a redimdant configuration can also 
improve the reliability. 

Fig. 13 is a block diagram «f a configuration of a line processing 
equipment according to a seventh embodiment of the present invention. This 
10 embodiment is a combination of the embodiments shown in Fig. 11 and Fig. 12 
and provides an error monitoring function and/or a wavelength conversion 
function to each of input optical fiber lines by utilizing an automated MDF 
having improved reliability. 

That is, this embodiment includes, as line processing means, error 
15 monitoring circuits 71 and 73 and wavelength converter 72. The line connection 
reconfiguration equipment includes connector plug array board 74, which has 
one surface to which input optical fiber lines are connected throu^ respective 
connectors and the other surface to which nntput optical fiber lines are 
connected through respective connectors, and optical fiber connection 
20 reconfiguration robots 75 and 76 for automatically inserting the connectors into 
and pulling them out of connector plug array board 74 according to a setup 
operation of connections between the input optical fibers and the output optical 
fibers. Optical fiber connection reconfiguration robots 75 and 76 are installed 
on respective surfaces of connector plug array board 74. 
25 As the line processing means, various circuits other than those described 

in the first to sixth embodiments, such as an amplifier circuit, a 1 by N splitter 
circuit, an error correction circuit, a test signal generator/adder circuit, etc can 
be installed. The present invention is not limited to such kind of line processing 
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means. 

According to the present invention, it is possible to arbitrarily set up the 
connection between the input lines, the line processing means and the output 
lines by using only one line connectioA reconfiguratiou device and to flexibly 
change the sequence of processing ftmctions and the processing function 
themselves necessary to each input lines, on demand. 



